A surgical experience with 2,445 consecutive women who underwent isolated bypass grafting was analyzed for comparison with 18,079 consecutive men. Severe or unstable angina occurred preoperatively in 60% of women and 45% of men (p<O.OOOI). Despite less three vessel disease (44 versus 56%, p<O.OOI) and better left ventricular contraction (normal in 60% of women and ,53% of men [p<O.OOI]), women had a higher operative mortality rate (2.9 versus 1.3%). When matched for age, severity of angina and extent of coronary atherosclerosis, women still had twice the operative mortality of men. In matched patients, body surface area was the strongest Most of our knowledge about coronary artery surgery has been compiled from operative experience in men. During the past 15 years, we have witnessed a greater reduction in coronary bypass operative mortality in men than in women. Recently, in a large multi-institutional study (l,2), numerous clinical and angiographic variables were evaluated by univariate analysis for their effect on operative mortality. Six variables that contained the most predictive information were subjected to discriminant analysis. After age and left main coronary artery obstruction of more than 90%, female sex was the third most important operative risk factor in coronary artery surgery. Gender was a stronger indicator of operative risk than was left ventricular impairment.
Most of our knowledge about coronary artery surgery has been compiled from operative experience in men. During the past 15 years, we have witnessed a greater reduction in coronary bypass operative mortality in men than in women. Recently, in a large multi-institutional study (l,2), numerous clinical and angiographic variables were evaluated by univariate analysis for their effect on operative mortality. Six variables that contained the most predictive information were subjected to discriminant analysis. After age and left main coronary artery obstruction of more than 90%, female sex was the third most important operative risk factor in coronary artery surgery. Gender was a stronger indicator of operative risk than was left ventricular impairment.
Because no comprehensive analysis of risks, clinical benefit and longevity in women compared with men exists, we reviewed our entire experience in isolated bypass grafting from 1967 through 1980. The large sample size makes these data useful in providing information about operative risk and outcome.
predictor of operative risk, even when the model was adjusted for gender. When the model was adjusted for body surface area, gender was not an important predictor of operative death. The smaller size of women, rather than their sex, appears to explain the difference in operative mortality.
After a mean interval of 2 years, women had a lower overall graft patency rate (76.4 %) than men (82.1 %) (p<O.OOI). At 5 and 10 years postoperatively, a higher percent of men were angina-free. Yet, survival for women (90.6%) and for men (93.0%) at 5 years, and at 10 years (78.6 and 78.2%, respectively) was not dissimilar.
Clinical Material
Selection of patients. Of the 20,524 patients who underwent isolated coronary bypass surgery between May 1967 and January 1981,2,445 (12%) were women. By definition, these cases excluded bypass surgery combined with ventricular aneurysmectomy, valve repair or replacement and simultaneous carotid endarterectomy. Otherwise, the series of men and women is consecutive and includes all elective, emergency and reoperative cases.
Patient characteristics. Women ranged in age from 15 to 79 years. The median age for women mcreased from 44 years in 1967 to 60 years in 1980. Median age overall was 57 years for women and 54 years for men. Premenopausal women predominated until 1971, when the prevalence of older patients began increasing yearly and by the period 1975 through 1980, premenopausal women constituted only 10 to 13% of women patients. Pertinent clinical characteristics and risk factors are compared in Table I .
Angiographic findings. Severe coronary atherosclerosis was defined as an estimated reduction in luminal diameter of 50% or more. The prevalence of single vessel narrowing of 50% or more in women decreased gradually from 39% in 1967 to 1970 to 18% in 1980. In men, one vessel disease occurred in 56% in 1967 to 1970 and decreased to 9% in 1980 (Table 2 ). In comparison with men, women had significantly more one vessel (p<O.OOOI) and two vessel (p = 0.0002) disease and significantly less three vessel disease (p<O.OOOI), and women had less extensive coronary artery disease in all categories of age. Of 585 women aged 50 years or J AM co u, CARDIOl 1983.1(2) 383-90 LOOP ET Al younger, 181 (31%) had three vessel narrowing; at 51 to 60 years. the prevalence of three vessel narrowing increased to 466 (43%); at 61 to 70 years, three vessel disease occurred in 358 (58%) and of the 103 women above age 70, 68 (66%) had severe three vessel disease. Left main coronary narrowing of 50% or more in women occurred with approximately the same frequency in these four age categories, varying between 9 and 14%. with an overall prevalence of II %. Men also showed an increased prevalence of three vessel disease with increasing age: 50 years or less. 2,956 (49%); 51 to 60 years, 4,625 (57%); 61 to 70 years. 2,390 (65%) and more than 70 years, 225 (72%). In contrast to women, left mam coronary artery narrowing of 50% or more in men increased from 8% in those younger than 50 years to 23% in those 70 years or older.
Left ventricular contraction was classified as normal in 1,460 (59.7%) women and 9.516 (52.6%) men; mild impairment (one of six left ventricular segments impaired) in 626 (25.6%) women and 5,514 (30.4%) men; moderate impairment (two or three segments impaired) in 264 (10.7%) women and 2,270 (12.5%) men and severe impairment (four to SIXsegments Impaired) in95 (3.8%) women and 779 (4 .3%) men. Ejection fractions were determined 
Results
Operative mortality. Operative mort ality is defined as death in the operating room or thereafter during the same hospitalization . After the early experience (1967 to 1970) in which the operati ve mortality rate for women was 7 .3 % (8 of 109), the mortal ity rate in the next 10 years , through 1980, rang ed from 0 .8 to 4.5 %. Overall operative mortality was 71 of 2.445 (2 .9%) for women and 242 of 18,079 (1.3%) for men (p<O.OO I). Mortality was significantly higher in women aged 60 years or less in comparison with men (Table 3) . Above age 60 , mort ality in men increased and although mortality remained higher in women , it no longer was statist ically signifi cant. Table 4 shows operative mortality based on extent of coronary athe rosclerosis. Operative mortality correlated with number of bypa ss grafts showed no significant difference betwe en wom en and men for one or two grafts . For three graft s , mortality was 24 of 575 (4 .2%) in women and 89 of 5099 ( 1.7%) in men (p <O .OOI ). Of those who receiv ed four or more graft s , 9 of 121 (7.4%) women and 21 of 1.842 (1.1 %) men died (p <O.OOI).
In In men, the rate of perioperative infarction averaged 4.1 % through 1976 and 1.5% from 1977 to 1980. The rate of atrial fibrillation ranged from 6 to 15% and has averaged 10% for women and 12% for men during the past 5 years. Neurologic deficit occurred in 2.4% of women and 1.5% of men. Reoperation for bleeding was necessary in 3.8% of women and 5.5% of men. lntraaortic balloon pump support was used in 60 women (2.5%), of whom 11 (0.6%) received the device preoperatively, 43 (1.7%) intraoperatively and 6 (0.2%) after the first 24 hours postoperatively. In men, the incidence rate of balloon usage (1.2%) was less than in women with approximately the same distribution.
Operative risk analysis. Logistic regression analysis. Risk factors were determined in 2,445 women by stepwise logistic regression analysis. Four variables were significant predictors of operative mortality: number of arteries with 50% or greater obstruction, emergency operation, number of grafts and severity of angina (Table 5) . In a similar analysis in men, seven variables were selected: emergency operation, reoperation, ventricular conduction defect, age greater than 70 years, number of arteries with 50% or greater obstruction, electrocardiographically documented myocardial infarction and left ventricular impairment (Table 6) .
Matched pairs analysis. Women were matched with men on the basis of age, severity of angina and extent of coronary atherosclerosis. In the matched pairs, there were 69 oper- 0.003 SEM). In men, body surface area ranged from 1.06 to 2.64 m surface area and gender, were used in discriminant analyses to determine a binary outcome (operative death or no death). The two covariates, and body surface area and gender, adjusted and not adjusted for each other, are shown in Table 7 .
Body surface area was a significant risk predictor whether the model was unadjusted or adjusted for any of the other variables (that is, people of the same gender), but different body sizes had different risks of operative death. Gender was significant whether viewed alone or adjusted for the basic variables (Table 7) ; however, when one adjusts for body surface area, gender as such is not an important risk factor for operative death. Men and women of the same size having the same status of other variables do not have significantly different risks of operative death. Body surface area then is the most important risk factor for operative Five and 10 year survival. Cumulative 5 year survival was determined for the first 1,000 patients coming to operation each year from 1973 to 1977. All early and late deaths were included regardless of cause. Actuarial survival at 5 years for women was 90.6% and for men, 93.0% (p = 0.035) (Fig. I) . When operative mortality is excluded, there is no significant difference in 5 year survival. In the 1967 to 1970 group of 740 patients, 109 women were operated on, but the series was skewed by predominance of one vessel disease (56% ). Therefore, the first 1,000 patients in 1971 and 1972 were used for 10 year survival comparison in women and men (Fig. 2) that was 78.6 and 78.2%, respectively (not significant).
Discussion
Clinical characteristics. Women with suspected coronary artery disease show distinct differences from men. Women with chest pain, even those with typical angina, are more likely to have angiographically normal coronary ar- visualized angiographically in one or more coronary arteries (6) . It appeared difficult to make a clinical diagn osis that correlated well with arteriographic findings in young women ; these data imply that the strategy for distinguishing severe coron ary atherosclerosis in women with chest pain by clinical or noninvasive method s is highly ineffective. The natural history of proved, severe coronary arteriosclerosis in women and men was the subject of a 15 year study by Proudfit et al. (personal communication) . Forty women and 346 men who underwent coronary arteriogra phy from 1964 to 1966 were selected as potential surgica l ca ndidat es because of focal narro win g, good arterial runoff and well preserved left ventricular funct ion. After medi cal treatment alone. survival in women at 5, 10 and 15 years was 78 ,54 and 40% , respectively . Surviv al in men at 5 , 10 and 15 years was 69, 49 and 37%. All deaths from all ca uses were included. Differen ces in survival between wom en and men were insignificant.
J11 our present review of 2 .445 women who underwent corollary artery surgery, we found more severe angi na preoperat ively in women than in men . Angina was frequently more unstable in women . Thi s finding contrasted with evidence that surgically treated women had less exten sive coronary athero sclero sis and overall better left ventricula r performance than men . In surgically treated CASS patients, left main or three vessel coronary disease occurred less frequently in women than in men for chest pain cate gories ss~
of definite angina, probable angina and nonspecific chest pain (7). Multivessel disease was infrequent in women with nonspecific chest pain. We confirm their findings that the prevalence of detected three vessel disease increases sharply with each decade of life in women just as it does in men, but the prevalence of left main stenosis increases with advancing age more in men than in women.
Operative mortality. Reports of early results have shown, with few exceptions, that operative mortality is higher in women despite the improvement in mortality and morbidity observed in the latter half of the 1970s (Table 9 ). Women had approximately twice the operative mortality of men. In our series, women younger than 60 years had a significantly higher operative mortality than did men in the same age category. After 60 years of age, mortality increased in men and the differences became insignificant. These findings parallel the CASS experience (2). Emory University investigators (14) reported a similar higher operative mortality in women; however, when they matched women to men by age, severity of angina and extent of coronary atherosclerosis, the matching process equalized operative mortality at 2%. When we matched women to men based on those three clinical variables, our operative mortality remained twice as high in women as in men (2.9 versus 1.4%).
Coronary artery spasm is an unlikely explanation for the greater operative mortality in women. Spontaneous or ergonovine-induced coronary artery spasm occurs with nearly equal frequency among women and men (15) . Although perioperative spasm in ungrafted arteries has been implicated in the deaths of two patients recently, overall operative mortality in the series described herein was largely attributed to ischemia-infarction related to poor myocardial protection. Instability preoperatively may contribute to irreversible myocardial damage, but coronary artery spasm as such does not appear to be an important cause of early death.
The CASS investigators (16) concluded that the increased risk involved in coronary artery surgery in women was accounted for by small stature and by small diameter of coronary arteries. In their study, operative mortality for women and men decreased as height and vessel diameter increased. In other words, the smaller patient, woman or man, faces heightened risk of operative mortality after allowing for differences in other risk factors. We believe that coronary artery diameter as measured with calibrated probes by numerous surgeons is inaccurate and that vessel diameter of itself does not take into context the effect of diffuse atherosclerosis, graft stenosis or early graft closure.
Vein graft patency. After a mean interval of 2 years, the rate of vein graft patency was significantly lower in women (72.8%) than in men (79.2%) (p<O.OOI). In the early years of bypass surgery, routine cardiac catheterization was performed frequently at I year postoperatively. After the first few years, only patients with recurring symptoms had recatheterization so that, overall, 65% of both women and men were restudied because of recurring angina. Postmortem studies indicated smaller vessel size in women, which may explain the discrepancy in graft patency rates (17) . A myth exists that the internal mammary artery is too small for myocardial revascularization in women. Note that the internal mammary artery graft patency was nearly equal (92.6 versus 95.4%) (not significant) in women and men.
Follow-up. Relief of angina 5 and 10 years postoperatively was less in women than in men; this was statistically significant at both 5 and 10 years. In the Emory University matched group (14) , 53% of women with complete revascularization were asymptomatic after a mean follow-up period of 42 months compared with 71 o/c of men.
Five and 10 year longevity for women and men were nearly the same. The 5 year survival rate for women was 90.6% and for men, 93.0%; at 10 years the rates were 78.6 and 78.2%, respectively. The Emory University experience (14) recorded a 92% survival at 42 months for both women and men. Greene et al. (18) found that 5 year survival after isolated myocardial revascularization was indistinguishable from that of the United States population matched for age and sex. However, when the female surgical subset was compared with the 1975 U.S. population, 5 year survival was 92.6 versus 96.1 %, which came closest of all subsets to lying outside the 95% confidence interval. Killen et al. (13) found that in contrast to men. women did not achieve 
APPENDIX Statistical Methods
Chi-square tests were used to determine Significant differences in clinical characteristics. graft patency and symptom response among women and men.
In analyzing operative death frequency, women were matched to men by age (exact year). angina and extent of disease. When more than one man matched a woman. the man having the closest surgical date was used; except for the very early years. this match was usually within a year of the woman's operation. This resulted in 2,402 pairs; only 43 of 2,445 women had no suitable match among the men. These matching variables were considered a priori to be related to operative risk.
The body surface area measurements were available for all 2,402 pairs, and these people were used to compare the relative strengthsof gender and body surface area as predictors of operative death. This analysis was done with the general methodology discussed by Fisher et al. (16) . A stepwise analysis was used first to select covariables from the variables listed in Table 2 . These covariables, along with body surface area and gender, were used in the Statistical Analysis System general linear model to analyze a binary outcome (operative death or no operative death) (19) . Each effect was assessed both by itself and with the model adjusted for combinations of the other effects.
For single sex analyses, variables predictive of operative death were selected by stepwise logistic regression analyses performed for all men and women. Variables eligible for the model were those univariately associated with operative mortality (at a = 0.05 for women and at a smaller a = 0.0 I for men because of the larger sample size). Table 10 shows these variables and their univariate significances. Long-term survival for men and women was analyzed via the Mantel-Haenszel procedure (20) .
